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Piliostigma reticulatum is a dioecious species that provides food, fodder and the revenues from the sale 
of its pods constituted an important resource for sahelian population. During the flowering, flowers are 
abundant but the fruit set remained very low in spite of a large number of insect visitors. The aim of this work 
was to study flowering phenology, to identify potential pollinators and visitors, to determine the visitation rate 
and the synchronism between floral phenology and the insect visitors. The natural population studied is located 
at Budtenga in the North Sudanian area of Burkina Faso. The phenological study was carried out from July 
2009 to December 2009 on 500 inflorescences randomly sampled from inflorescences of 40 male and female 
individuals. Potentials pollinators were determined using their physical ability to carry pollen in their body and 
the reference based diets. Our results showed that many orders of insects visit the flowers of P. reticulatum. 
Nymphalidae (Lepidoptera), Syrphidae (Diptera), Apidae (Hymenoptera) and Sphecidae (Hymenoptera) were 
regarded as main potential pollinators of P. reticulatum. Apidae (Apis mellifera) was the most abundant and 
frequent visitor. We found that August was the peak flowering period for both male and female individuals and 
the peak emergence of potential pollinators. Therefore, the emergence of potential pollinators responsible for 
pollen dispersal might be punctuated by flowering phenology. 
© 2014 International Formulae Group. All rights reserved. 
 




Bees and other insect flower visitors 
need a continuous food supply throughout 
their whole life cycle. Pollen and nectar 
provide the complete diet for both the adults 
and their larvae. The investigations of plant 
species as food for pollinators are important. 
Include in the investigations are flowering 
phenology, nectar secretion, and pollen 
production (Hedhly et al., 2008). The 
characteristics of the flowering phenology of a 
population may have an impact on the 
attractiveness of insect visitors (Denisow, 
2009) and a critical effect on reproductive 
success including flowering start date, 
flowering peak date, and flowering duration 
(Ollerton et al., 2011). However, the use of 
these descriptors of flowering phenology is of 
questionable validity, since selection may be 
acting on other aspects of phenology such as 
synchrony, and may be constrained by other 
plant characteristics, such as size (Caban FJ 
and Melendez-Ackerman, 2007). 
Synchronized flowering or fruiting phenology 





may be advantageous because they satiate 
predators or because they attract pollinators 
and seed dispersers. On the other hand, 
asynchrony could be also advantageous: 
plants whose flowers open (or fruits ripe) 
when flowers (or fruits) are relatively scarce 
in the population may have better access to 
pollinators, seed dispersers or any abiotic key-
factor (Diallo et al., 2008). In cross-pollinated 
species, selection is generally expected to 
favor synchrony of flowering among 
individuals, though asynchrony may be 
favored in populations with intense within-
species competition for pollinators (Bawa and 
Buckley, 1989). 
Piliostigma reticulatum (D.C.) Hochst 
species is known as food plants for visitors 
(Yelemou, 2009). It is a dioecious species 
used in Burkina Faso for its pods as a 
supplementary diet to feed livestock during 
the long period of drought. Very common in 
the natural population and in the parklands, 
the female and male individuals produce 
abundant flowers but fruit yield remains low 
and poor quality (Dao, 2010). Three 
hypotheses may explain the poor performance 
of trees: (i) the absence of synchronism 
between male and female during flowering, 
(ii) the long duration of flowering time, (iii) 
the abundance of visitors ineffective in pollen 
removal and deposition. The main objective of 
the study was to examine the pattern of 
flowering phenology of P. reticulatum, to 
determine visitors and potential pollinators, 
and the synchronism of flowering between 
male and female individuals in the population 
and the insect visitors. 
 
MATERAILS AND METHODS 
Study area 
The study was conducted in Budtenga 
village (Burkina Faso) from July to December 
2009 in a natural population of P. reticulatum. 
This site located in the north Sudanian zone at 
40 km east of Ouagadougou (12 ° 29’N 1 ° 
15’W) is subject to a tropical climate with two 
main seasons, cold dry and hot wet, ranging 
respectively from October to April and May to 
September (Guinko and Fontes, 1995). The 
mean annual rainfall is between 600 and 900 
mm, the annual mean temperature is 29.5 oC 
and the soil is mainly a ferruginous tropical 
loamy soil (Ibrahim et al., 2012). 
 
Study material 
The study was conducted in a natural 
population of P. reticulatum at Budtenga 
where we could expected sampling a 
maximum of blooming male and female 
individuals. The population area was 
estimated at 3.15 ha with 153 trees/ha. We 
monitored 483 trees on 2009 characterized by 
individuals bearing flowers and those without 
flowers. We were considered in this study 
only the individuals with flowers. Both female 
and male individuals produce white with pink 
striped flowers (Arbonnier, 2009). 
Inflorescences are axillary or terminal 
panicles and range from 5-15 cm in long. The 
mature fruit can stay long on the tree.  
 
Data collections  
Flowering phenology 
During the growing seasons, detailed 
observations of the flowering were conducted. 
The onset and length of the blooming period 
were recorded. After a preliminary 
investigation, protocols described by Diallo et 
al. (2008) were applied. Three phenological 
flowering stages were determined including 
the following: (i) stage 1: flowers buds with 
petals tightly closed (ii); stage 2: fresh, fully 
opened flowers and (iii) stage 3: setting stage 
with anthers wilted, petals gone and flowers 
off. The phenological stage was recorded from 
July to December 2009 on 20 male individuals 
and 20 female individuals. We randomly 
selected five flowering branches per 
individual at the early stage of the flowering 
and five inflorescences from down to top of 
each branch. A total sample of 500 
inflorescences of male individuals and 500 
inflorescences of female individuals were 
recorded and every three days the number of 
unopened flowers, opened flowers and fruit 
set per inflorescence was counted. The 
duration of blooming (beginning, full, and 
terminal) of male and female individuals 
within the population and the flowering 
synchronism of male and female individuals 
were recorded. The blooming duration was 
determined according to an assumption that it 
was the moment when at individual level, 5 to 





95% of the opened flowers were blooming on 
a given branch.  
Floral insects 
All the diurnal visitors were collected 
on the opened flowers on one week over two 
from July to September. Observations were 
made in the morning from 6 am to 10 am, 
during the sunny time from 10 am - 4 pm and 
the dusk time from 4 pm to 6 pm. Each 
individual was observed for 20 minutes for 
every observation day by standing quietly 
next to the target individual and recording the 
visiting species, and counting their visitation 
frequency. Two persons stood on opposite 
sides of the individual for this purpose. In 
cases where we could not identify the visitor 
in the field, it was collected using white net 
trap for identification. The collected 
specimens were kept in 70% alcohol solution. 
Most of the collected flower visitors were 
identified to family level using the 
publications of Chinery (1986) and Picker et 
al. (2004), and by insect experts from the 
Laboratory of Forest Entomology of INERA 
(Institut de l’Environnement et de Recherches 
Agricoles). The identification was based on 
the following criteria: the presence or absence 
of wings, the morphology of the body and 
legs, the size of the insect, morphology and 
structure of wings, the characteristics of the 
mouthparts, the morphology and size of 
antennas. For families classification the 
following criteria were used: the presence of 
two or three cerci, the presence or absence of 
hind wings and their scale, the size and the 
wings structure (ribs). To determine the 
potential pollinators, two complementary 
approaches were used: the body morphology 
(presence or absence of hair on the body) and 
literature-based diets.  
The percentage of visits of the potential 
pollinators was determined during the 
abundant blooming from 6 am to 6 pm and for 
10 consecutive days on August 2009.  
 
Data analysis  
Data are presented as means with 
Standard Deviation (SD). The analyses were 
performed using Excell ver. 7.0. The mean 
flowering duration, the mean number of 
unopened flowers, opened flowers and fruit 
set per inflorescence and per sex were 
calculated. A data table was drawn to show 
the presence/absence of insect family by 
order. Then, the visitation rate of potential 




During the study period, P. reticulatum 
individuals started blooming at Budtenga on 
July. The male individuals bloomed 10 days 
to two weeks earlier than female ones (Figures 
1 and 2). The flowering began in mid-July for 
the male individuals or in late July for the 
female ones and lasted till October 28th for 
both individuals. The flowering duration was 
12 weeks for male and 10 weeks for female 
individuals. The flowering peak occurred in 
August for both sexes. The mean of opened 
flowers by inflorescence was important during 
August. Flowers abortions are very important 
for man individuals (Figures 1 and 2) and only 
few were opened in a day (less than 2).  
Fruit set began at early August for both 
sexes. The mean number of ripe pods was less 
than 2 per inflorescence for female and null 
for male trees (Figures 1 and 2). Fruiting 
occurred from August to December in female 
trees.  
 
Flower insect visitors 
Visitors 
P. reticulatum flowers attract different 
insect visitors (Table 1). Ten (10) orders were 
collected including 31 identified to the level 
of the family, 16 identified to the level of the 
genus and 23 identified to the level of the 
species.  
Under favorable weather conditions, 
insects started to visit flowers in the early 
morning hours. The highest number of insects 
was present between 11.00 and 15.00. The 
Dipterans and Bombus spp. were the first to 
start visiting at around 7.00 - 8.00. The 
activity pattern of flies picked up in the 
morning and in the early afternoon. The 
highest number of bumblebees was recorded 
at 8.00 and 19.00. Apis mellifera was active 
from 8.00 with three peak periods. The 
activity pattern of these visitors the orders 
Hymenoptera, Diptera, Coleoptera, 
Lepidoptera, Orthoptera and Hemiptera






were the most important (Figure 3) and most 
frequent insects collected (Figure 4) during 
the target period. Within these orders, we 
noticed that the families Ichneumonidae, 
Apidae and Vespidae (Hymenoptera), the 
families Muscidae and Syrphidae (Diptera), 
the families Lycidae, Meloidea and 
Scarabaeidae (Coleoptera) the families 
Acraeidae and Nymphalidae (Lepidoptera), 
Acrididae (Orthoptera) and Coreidae 
(Hemiptera) were prevalent during the period 
of observation (Figure 5).  
Potential pollinators  
Insects visitors of P. reticulatum were 
divided into functional groups based on the 
ability to transfer pollen and diet references. 
Nymphalidae, Syrphidae and Apidae were 
the most prevalent families from the 
beginning (July) to the end of flowering 
(September). Sphecidae was present during 
the period of flowering peak (August) 
(Figure 6). Nymphalidae, Syrphidae, 
Sphecidae and Apidae were dependent of 
floral rewards and their bodies were equipped  
 to carry pollen. They were identified as the 
main potential pollinators of P. reticulatum. 
Visitation rates 
The emergency of the identified 
potential pollinators began since the 
beginning of flowering of P. reticulatum 
(Figure 6). The total number of visits per 
day was 109; 26; 15 and 7 respectively for 
Apidea, Nymphalidae, Syrphidae and 
Sphecidae families. During 6 - 8 am; 8 - 10 
am; 10 - 12 am; 12 -2 pm; 2 - 4 pm and 4 -6 
pm, Apidae had the higher number of visits 
which was respectively 28; 46; 19; 11; 2 and 
3 visits (Figure 7). Thus Apidae account for 
69.4% of total visits, Nymphalidae 16.6%; 
Syrphidae 9.6% and Sphecidae 4.5%. We 
observed that Apidae remained more active 
in early hours than the other families. The 
activity of all potential pollinators decreased 
after 2 pm and was null at dusk hours 
(Figure 7). In spite of the low percentage of 
total visit of some visitors, we observed that 
there was temporal overlapping of the 






Figure 1: Evolution of flowering and fruiting in male individuals. 














Figure 3: Prevalence of insect orders during flowering time of P. reticulatum. 
 
 













Figure 4: Distribution of insects order during flowering time. 
 
 























Figure 5: Total number of presence of insects families colleted during flowering time. a = 





Figure 6: Prevalence of potential pollinators during flowering time. 
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Figure 7 : Evolution of potential pollinator visits from 6 am to 6 pm in August. 
 
Table 1: Floral visitors of Piliostigma reticulatum at Budtenga. 
 
Order Family Genus/Species 
Lepidoptera Acraeidae Acraea bonasia 
 Danaidae Danais crisipus 
 Pieridae Colotis sp. 
 Nymphalidae Characxes epijasius 
Hymenoptera Apidae Apis mellifera 
 Formicidae Camponotus sp 
 Sphecidae Sceliphron, distillatorium, 
 Amophilla sp 
 Vespidae Rhopalidia sp, Polistes sp., Vespula sp 
 Ichneumonidae Ichneumo sp. 
Orthoptera Acrididae Kraussela amabile, Homoxyrrhpes, punctipennis,  
  Cataloipus fusiocoeruleipes 
Cataloipus sp., Anacridium sp. 
Humbe tenuicornis,  
Heteropternis thoracica 
Dermaptera Forficulidae Forficula senegalensis,  
Forfucula sp 
Diptera Calliphoridae Stomorhina lunata 
 Muscidae Musca sp. 
 Syrphidae Eristalis sp 
Ensifera Ephippigeridae Ephipigere sp. 
Homoptera Delphacidae Sogatella cubana 





 Lygaeidae Lygaeus rivularis 
Dictyoptera Mantidae Mantis religiosa 
Coleoptera Lycidae Chamydolicus sp. 
 Scarabeidae Quadriciniata sp. 
Charadronata quadrisignata 
Campsura sp., Xeloma sp. 
Polybaphes sanguinobenta 
Polybaphes acquinoctialis 
Pacnoda cordata, Pacnoda marginata. 
 Cerambycidae Phryneta aurocincta, Crossotus sp 
 Meloidae Psalydolitta fusca, Mylabris oloserica, Psalydolytha Theresa 
 Curculionidae Sitona lineatus 
 Chrysomelidae Asbecesta capensis 
Hemiptera Pyrrhocoridae Dysdercus völkeri 
 Coreidae Anoplocnemis curvipes 
 Alydidae Mirperus jaculus 
 Reduviidae Cosmolestes pictus 




P. reticulatum blooms once a year 
during the rainy season. Flowering at the 
beginning of the rainy season is a common 
characteristic of tree species observed in the 
Sudanian and Sahelian areas (Dao et al., 
2006). The flowers opened not simultaneously 
in both individuals, but a synchronism in the 
peak of flowering was noted between them. 
Male individuals bloom almost two weeks 
earlier than the female ones. Flowering in the 
beginning is characterized by a lack of 
synchronism between male and female 
individuals. Peak flowering occurred on both 
individuals (male and female) simultaneously 
on August. The end of flowering occurred 
also on both plants simultaneously on 
September. The lack of synchrony in the 
beginning of flowering is in contrast with the 
previous studies on the other species of 
Caesalpinioïdeae (Tamarindus indica) in the 
Sudanian and Sahelian areas (Diallo, 2008).  
We found that P. reticulatum blooms 
from July to October (about 4 months). This 
blooming duration may increase the 
availability of pollen and nectar resources for 
long period and promote the attractiveness of 
pollinators.  
P. reticulatum male individuals bloom 
more than female ones. Previous studies have 
found that male flowers of P. reticulatum do 
not produce fruits and they are considered to 
be pollen donors in the population (Dao, 
2012).  
Sommer (1986) evaluated five 
hypotheses concerning the overproduction of 
flowers in H. virginiana and concluded that 
attraction of pollinators was the likely cause 
for such situation. Female individuals produce 
fruit continuously from August to December 
and the maturity occurs on December during 
the dry season. A female infrutescence 
produces less than two fruits. So many 
flowers are dropped before fruit set. Losses 
are important; this might be explained by 
extrinsic factors such as florivory which can 
decrease plant fitness. 
P. reticulatum is visited by 31 families 
of insects belonging to 10 orders. The 
diversity of floral visitors can be explained by 
the availability of plant rewards. These 
rewards are likely to be pollen and/or nectar 
as it is usually observed in dioecious species.  
Nymphalidae (Lepidoptera), Syrphidae 
(Diptera), Apidae (Hymenoptera) and 
Sphecidae (Hymenoptera) are considered as 
potential pollinators because they are 
nectarivores and/or pollinivores and also 
because of their ability to carry pollen and / or 
to stimulate the receptivity of stigma (Diallo, 
2008). Previous studies indicated that Diptera 
and Hymenoptera were the primary floral 
visitors and pollen carriers (Sahli and Conner, 
2007). It is reported that Hymenoptera, 





Diptera and Lepidoptera visit flowers to feed 
on nectar and pollen and several of these carry 
pollen on their bodies (Burkle et al., 2013). At 
the family level, Nymphalidae (Lepidoptera), 
Syrphidae (Diptera), Apidae (Hymenoptera) 
and Sphecidae (Hymenoptera) were often 
dependent of floral rewards and their bodies 
were equipped to carry pollen (Anderson and 
Hill, 2002).  
Our result indicates that the peak of 
flowering of both individuals in August is 
synchronic with the high activity of potential 
pollinators of P. reticulatum. Given the 
variety of insect visitors of P. reticulatum and 
the long timing of flowering of this species, 
high production of flowers to attract 
pollinators seemed a likely explanation within 
the context of the dioecious system. The 
diversification of pollinators decreased the 
limited resources problem and might be an 
important factor for successful pollination. 
According to Knight et al. (2005), the 
diversity of pollinators could result in a 
diversity of pollen grains transferred to the 
stigma of the flower as from different donors. 
It was also demonstrated that the success of 
the fruit of Coffea arabica increases 
proportionally with the diversity of pollinators 
(Klein et al., 2003). However, some studies 
did not confirm this thesis. When there are 
more pollen donors, the quality of pollen 
transferred to the stigma is decreasing (Sahli 
and Conner, 2007).  
Apidae and Nymphalidae emerged and 
gathered pollen from the beginning to the end 
of flowering of P. reticulatum. They are 
considered as permanent pollinators. Sepsidae 
emerge only in August, they are considered as 
occasional pollinators. Syrphidae appeared 
early (in July) and was absent at late 
flowering. This indicates that there is a 
temporal overlap of the potential pollinator’s 
activity during the flowering period of P. 
reticulatum. When we consider the daily 
distribution of potential pollinators, Apidae 
family is the most frequent visitor at early, 
warm and dusk hours. Nymphalidae and 
Syrphidae are the warm hour flowers visitors. 
However, previous studies on tamarind 
showed that the families Nymphalidae and 
Syrphidae were only early and dusk hour 
visitors (Diallo, 2008). Therefore, the 
organization of floral visits could vary from 
one species to another. In conclusion, P. 
reticulatum produces flowers from July to 
September. The loss of flowers buds is 
important and the fruit set is low. The peak 
production of flowers in August is more 
synchronous with the intensive activity of 
potential pollinators. Nymphalidae, 
Syrphidae, Sphecidae and Apidae are 
considered as the potential pollinators of P. 
reticulatum. It is not specialized for one 
pollinator species. These potential pollinators 
get organized to visit flowers during the 3 
months of flowering and also through the day. 




P. reticulatum flowers are attractive to 
a variety of visitors and pollinators. The fact 
underlines the importance of this species in 
the maintenance of general insect biodiversity 
in the Tropical dry forest. 
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